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AN IMPROVED WARM AIR BLOWER FOR MEDICAL WARMING 

BLANKETS 

PRIORITY 

[0001] The present application is based on a provisional application Serial No. 
60/428,488 filed on November 22, 2002. 

FIELD OF THE INVENTION 
[0002] The present invention addresses a need to provide a blower system with 
testing features for delivering warm air to a patient in a medical environment, and more 
particularly to a low noise, high output compact blower. 

DESCRIPTION OF THE RELATED ART 

[0003] Various forms of warm air blowers have been utilized to inflate hollow 
medical blankets formed of layered sheets of paper, plastic or fabric for delivering heated air 
to a patient during surgery, recovery, or thermal treatment. Standard blowers with a smooth 
vortex can deliver air to a patient, and when increased air flow is required, the conventional 
design approach has been to provide a larger motor, fan, and/or plenum. 

[0004] When a standard blower circulates air, the blower pulls in air through an 
impeller, blade or cage and then forces the air past the blade to change pressure from a 
negative to a positive force. As the air travels beyond the blade, it is compressed and its 
subsequent expansion can contribute to the generation of noise. Such noise can develop 
patterns of harmonic vibrations. 

[0005] Thus, there is still a need to provide a smaller compact warm air blower 
with equivalent performance capabilities to a larger air blower, and/or at reduced noise levels. 



42717.1 700\COUSINCMRV\3 37581 



1 



Docket No. 42717-1700 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide a compact and efficient air 
blower system with a reduction in the generation of noise. A blower of the present invention 
can include a compression unit for compressing and directing air flow. The compression unit 
is connected to a plenum chamber for receiving the compressed air from the compression 
unit. 

[0007] The plenum chamber has a plenum member with a curvilinear surface 
forming an interior wall of the plenum chamber. The plenum member has irregular indented 
sections to allow the air that is being compressed to expand locally and create in effect an air 
bearing, or localized turbulent air flow pattern of a controlled nature, to reduce the resistance 
to the movement of the air and to reduce the amount of energy required by the system while 
reducing the generation of noise. 

[0008] If too much local turbulence is introduced, it would be counter-productive 
to the purposes of the present invention. The configuration of the plenum is further designed 
to disrupt noise with a harmonic component, by varying both the depth of individual 
indentations as well as the frequency and/or distance between the indentations, to further 
lessen the generation of noise and to increase the efficiency of the system. 

[0009] A plenum member forming an interior wall of the plenum chamber can be 
either removable or fixed (non-removable) within the plenum chamber in order to 
accommodate different manufacturing methods as well as to facilitate the formation of 
particular patterns of irregular indentations on the plenum member. 

[0010] Where the plenum member is removable, it can be formed from a single 
piece of semi-rigid material and is suitable for roll-pressing, for example, with the desired 
indentation pattern and then placing within the plenum chamber. Alternatively, the plenum 
member can be cast or molded with the indentations. 
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[0011] In an additional embodiment, the plenum incorporates a heater directly in 
the plenum chamber to further provide a compact size. The heated air is supplied to a 
cooperative receiving unit such as a blanket for covering a patient during surgery or recovery. 

[0012] A control unit, including a control circuit to monitor and set temperatures 
for a heater, is also implemented in an embodiment of the present invention. The control unit 
includes an over-temperature setting to provide an upper-limit for each selected temperature 
setting, for example, a relative 3°C above the selected temperature. 

[0013] The blower also allows the selection of ambient, unheated air. A non- 
relative 47°C over-temperature limit is associated with the ambient temperature selection to 
thereby monitor a runaway heater condition during normal operation or an over-temperature 
test. 

[0014] The over-temperature test can be initiated from a front control panel having 
appropriate buttons, switches, and visual LED display indicators. The over temperature test 
can be activated by holding a desired temperature select button until its indicator LED starts 
to flash sending the system into a thermal runaway condition. 

[0015] At the trip point, when the upper-limit temperature for the selected 
temperature is reached, the temperature meter display holds the trip temperature reading until 
the warm air blower is reset. An under temperature indication is associated with each 
temperature setting selected and is a relative 3°C below the selected setting. 

[0016] A self test mode of operation is provided to enable a user to check the 
operability of the blower system prior to placing it into service with a patient. This self test 
procedure can check the following conditions: open or shorted temperature control 
measuring device (thermistor); open or shorted alarm sensing measuring device (thermistor); 
proper servo connection attached to the machine; proper hose connection to the air outlet; 
proper functioning of the alarm circuit; and the absence of heater current at power turn on. 
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[001 7] The servo connection relates to a control feedback connection, including the 
sensing thermistor at the point of delivery of heated air to the patient, and the control circuit 
where the output of the sensing device is used to control the temperature of the heated air. 

[0018] A detection circuit is provided to sense the heater current and provide a 
logic level output. This detection circuit can shut down the heater and blower if the heater 
fails. The detection circuit can detect an open circuit as a safety feature. A switch at the air 
outlet connector can detect the presence of the hose. A variable speed blower motor can be 
utilized and calibrated so that the output air speed can be consistent from unit to unit during 
manufacturing, or to achieve a variety of performance levels. 

[0019] Various sensors can be attached, not only at the output of the blower 
system, but also at the delivery point to the patient to thereby provide temperature inputs to 
control the delivery of the desired thermally heated air to the patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The objects and features of the present invention, which are believed to be 
novel, are set forth with particularity in the appended claims. The present invention, both as 
to its organization and manner of operation, together with further objects and advantages, 
may best be understood by reference to the following description, taken in connection with 
the accompanying drawings. 

[0021] Fig. 1 shows the blower system, flexible conduit, and connecting elbow 
with temperature sensor mounted in close proximity to the cooperative receiving unit, in this 
embodiment a warming blanket, in order to accurately monitor the temperature of the air as it 
is delivered to the patient. 
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[0022] Fig. 2 shows a top view of the blower system showing the control unit, a 
plenum member having a curvilinear interior surface, a heater unit, and a compression unit 
with the flexible conduit attached to the rear portion of the blower system. 

[0023] Fig. 3 shows a perspective view of the warm air blower system mounted on 
a support pole, such as a portable Intravenous (IV) pole. 

[0024] Fig. 4 shows a front panel of the warm air blower system with control 
switches and display indicators that comprise the user interface, or user Input/Output (I/O) 
interface. 

[0025] Fig. 5 shows a schematic top plan view of the plenum showing one example 
of a plenum chamber side wall with line-symmetric indentations. 

[0026] Fig. 6 shows an illustrative top plan view of the plenum of Fig. 5 with cross 
marks indicating the radii of curves imposed on the curvilinear internal plenum surface as one 
example of a plenum chamber side wall with line-symmetric indentations. 

[0027] Fig. 7 shows a top plan cross sectional view of the plenum chamber with 
heater coils positioned in the plenum chamber and a cover plate taken off. 

[0028] Figs. 8A-8D show different views of one example of a plenum wall interior 
surface removed from the plenum chamber. 

[0029] Fig. 9 shows a schematic indentation pattern for a plenum wall interior 
surface showing irregular point-symmetric indentations where the indentations vary both in 
location and depth but exhibit symmetry about a point. 

[0030] Fig. 10 shows another schematic indentation pattern with point-symmetric 
indentations. 

[0031] Fig. 11 shows a schematic indentation pattern for a plenum wall interior 
surface showing irregular line-symmetric indentations where the indentations vary both in 
location and depth but exhibit symmetry about a line. 
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[0032] Fig. 12 shows another schematic indentation pattern with line-symmetric 
indentations. 

[0033] Fig. 13 shows a table of results of noise comparison testing for a blower of 
the present invention using a particular indentation pattern with line-symmetric indentations. 

[0034] Fig. 14 shows a mounting apparatus for releasably mounting the blower 
system to a mounting member like a portable intravenous fluid holding pole (IV pole). 

[0035] Fig. 15 shows a top-level block diagram of the control unit including the 
compression unit and the heater unit. 

[0036] Fig. 16 shows a top-level block diagram of some elements of the control 
unit circuit. 

[0037] Fig. 17 shows the control unit modes of operation. 

[0038] Fig. 18 shows the automatic self-test mode of the control unit modes of 
operation. 

[0039] Fig. 19 shows the temperature select mode of the control unit modes of 
operation. 

[0040] Fig. 20 shows a timing chart for a temperature control mode of the control 
unit modes of operation showing the temperature can be maintained by modulating the 
current to the heater unit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0041] Reference will now be made in detail to the preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. While the 
invention will be described in conjunction with the preferred embodiments, it will be 
understood that they are not intended to limit the invention to these embodiments. On the 
contrary, the intention is intended to cover alternatives, modifications and equivalents, which 
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may be included within the spirit and scope of the invention as defined by the appended 
claims. 

[0042] Furthermore, in the following detailed description of the present invention, 
numerous specific details are set forth in order to provide a thorough understanding of the 
present invention. However, it will be obvious to one of ordinary skill in the art that the 
present invention may be practiced without these specific details. In other instances, well 
known methods, procedures, components, and circuits have not been described in detail as 
not to unnecessarily obscure aspects of the present invention. 

[0043] The present invention provides a compact air blower and heater assembly 
for delivering an efficient and controlled amount of heated air to a patient. In reference to 
Fig. 1, the output of the warm air blower system 100 can be connected to a flexible conduit 
102, which in turn can be connected through an elbow 104 to a thermal blanket 106 of, for 
example, the type shown in U.S. Patent No. 6,143,020, U.S. Patent No. 5,733,320, U.S. 
Patent No. 2,601,189, or U.S. Patent No. 2,1 10,022. 

[0044] The warm air blower assembly includes a control unit described infra. The 
control unit provides safety features including temperature control for pre-set temperature 
settings of 36°C, 40°C, and 44°C. The pre-set temperatures have an over temperature safety 
control level of a nominal 3°C which, if violated, will cause the system to automatically cease 
heating and air blowing, and activate visual and audible alarms. 

[0045] Generally, the fluctuation of set temperature will be less than ±1°C. The 
temperature of the delivered air is measured using a hose-end temperature thermistor 108 as a 
temperature sensor. Other sensors having a similar function may also be employed. The 
improper attachment of the flexible conduit 102 to the warm air blower system 100 is 
detected by a hose connection sensor 110, as shown schematically in Fig. 2. The hose 
connection sensor 110 can be a micro-switch suitably placed to detect the improper 
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attachment of the flexible conduit 102 to the warm air blower system 100. As shown in Fig. 
2, the flexible conduit 102 can be attached to a rear portion of the warm air blower system 
100. Alternatively, the flexible conduit 102 can be attached to a side, top, front, or bottom 
portion of the warm air blower system 100 since the attachment location is not limited to the 
specific embodiment shown in Fig. 2. 

[0046] The control unit 202 also provides an over-temperature setting 
corresponding to an ambient temperature or room temperature setting without heating. If the 
ambient temperature is selected and the delivered air temperature reaches 47°C, the system 
will automatically cease heating and air blowing. 

[0047] An over temperature test capability is also provided wherein if a switch for 
setting a specific temperature is actuated for over eight seconds, the heater is energized and 
driven to a test procedure with the LED associated with the actuated button flashing to 
indicate a thermal runaway situation for test purposes. At the trip point of the thermal 
runaway for the corresponding set temperature, the meter display will hold the trip 
temperature reading until the system is reset by pressing the power off (standby) switch. In 
this specification, the terms button and switch are interchangeable and can refer to any 
actuator for use as described herein. 

[0048] An under temperature control level is also provided for each temperature 
selection except for ambient, and it is also set to a nominal 3°C below the selected setting. 
An under-temperature indicator on the front panel is activated when the delivered air 
temperature is below the under-temperature level for the selected set temperature. The over- 
temperature measurement detection is delayed following a reduction in the selected set 
temperature to allow the blower system enough time to adjust to the newly changed 
command level and avoid false alarm conditions. 
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[0049] A self-test circuit can be implemented before the system is put into 
operation so that comparators can be set with predetermined high and low values. The self- 
test circuit can detect an open or shorted temperature control thermistor, an open or shorted 
alarm sensing thermistor, and can verify a servo connection to the blower and heater 
assembly. A micro switch 110 can sense whether the flexible conduit 102 is improperly 
connected to the air outlet, thereby enabling the control unit to activate the disconnect 
indicator. 

[0050] The servo connection relates to a control feedback connection including the 
hose-end temperature thermistor 108 at the point of delivery of heated air to the patient and 
the control circuit where the output of the sensing device is used to control the temperature of 
the heated air. Due to the difference in the heating levels upon switching between selected 
temperature ranges, the control unit will alter and delay the temperature alarm sensing to 
allow the temperatures to reach the nominal selected value. 

[0051] The alarm circuit function may be activated by shorting the thermistor 
which represents a high temperature. Although a thermistor is the preferred sensor, other 
sensing devices may be used. The heater current is monitored by a sensing circuit, such as a 
secondary winding of a transformer, to monitor the heater current at all times. A variable 
speed blower motor may be utilized and can be calibrated so that the air speed can be 
controlled during manufacturing or maintenance to be consistent from unit to unit. 

[0052] The control unit 202 of the preferred embodiment includes both analog and 
digital electronic components to implement the control and monitoring functions described 
herein. However, the control unit 202 is not limited to the specific embodiment detailed, and 
the present invention may be practiced by using a control unit with the performance features 
described, and independent from the specific technology used to implement any specific 
performance feature. 
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[0053] The control unit 202 has a power subsystem that provides power 
initialization, power on, and standby modes as well as providing a reference voltage for use 
throughout the measurement and control subsystem. 

[0054] The control unit 202 has a self test subsystem that provides a self test 
sequencer that automatically proceeds through a temperature measurement thermistor open 
circuit test, a safety thermistor open circuit test, a heater open circuit test, a safety circuit test, 
and a lamp/alarm test upon power on condition as a part of a power on self test. At the 
completion of this power on self test, the control unit will reset to a state of providing 
ambient temperature air flow provided that no other temperature setting was selected during 
the power on self test. 

[0055] As shown in Fig. 4, the power on condition is initiated by actuating the 
power on control switch 402. The power off condition is initiated by actuating the power 
oftfstandby control switch 404. An alarm condition can be reset by pressing the power 
off/standby control switch 404. After power on, and following self-test, the system is ready 
for temperature selection. Temperature selection is made by actuating the desired set 
temperature control switch: Low 406, Medium 408, or High 410, as shown in Fig. 4. 
Ambient un-heated air temperature is selected by switch 412 or automatically following the 
self-test, and may also be selected following the selection of another temperature setting. 

[0056] The numerical value of the temperature of the delivered air from the warm 
air blower system is indicated to the user by display 420. The elapsed time in hours, 
indicating the total accumulated time the warm air blower system has been operating, is 
shown in the display 422. The elapsed time display 422 may be reset by holding the power 
on 402 and high temperature select 410 during the automatic self-test described infra. All of 
the user displays and controls may be generally considered as user I/O members 426. 
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However, the elapsed time display reset is not considered a user I/O member since the user is 
never expected to reset the elapsed time display. 

[0057] Actuating the low switch 406 will direct the warm air blower to provide 
heated air at 36°C. The medium switch 408 will direct the warm air blower to provide heated 
air at 40°C. The high switch 410 will direct the warm air blower to provide heated air at 
44°C. The ambient switch 412 will direct the warm air blower to provide un-heated air at 
room temperature. A filter 424 may be attached, including a HEP A cartridge. The filter 424 
can be placed in a first position to filter air before induction to the compression unit 208. 
Alternatively, the filter 424 can be placed in a second position to filter air after induction to 
the compression unit 208 and before the air is passed to the flexible conduit 102. In another 
alternative, two filters can be used to filter air in the first position and the second position so 
that air is filtered both before induction to the compression unit 208 and before being passed 
to the flexible conduit 102. 

[0058] Should the control unit 202 fail to control the heater current, for example if 
the heater unit 206 is constantly energized and the hose-end temperature rises sufficiently 
above the set point, an over temperature safety unit 1608 will sense the runaway condition 
and cause the blower system to cease heating and air blowing. 

[0059] When selecting a temperature that is lower than the previous temperature, a 
temperature down-step alarm delay to the alarm circuitry can be initiated to allow the warm 
air blower to respond properly to the newly set temperature. This delay can be typically 
between 60-90 seconds, although not limited to this range of values, and allows the 
temperature to change gradually from the higher temperature to the lower temperature before 
indicating an alarm condition. In addition to a visible alarm, an audible alarm can be emitted 
to indicate an over-temperature condition. 
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[0060] Conversely, for an under temperature condition, the UnderTemp indicator 
414 will illuminate to indicate the hose-end temperature is more than 3°C below the set 
temperature. The disconnect indicator 416 provides a visible indication if the air delivery 
hose is not properly attached to the cabinet of the air blower system. 

[0061] The heater open circuit detector can function to detect the loss of current in 
the heater circuit and shut off the power to the heater and compression units and activate the 
disconnect indicator 416. This loss of current can be caused by a failure of the heater 
material itself, heater wiring, or the control unit. The current detection circuitry can use a 
transformer with a first winding in series with the current flow for the heater coils. A second 
winding provides an indication to the control circuitry regarding the current flow in the first 
winding. 

[0062] The Manual over-temperature OverTemp Check Circuit can be initiated by 
persistently actuating any one of the set temperature controls (Low 406, Medium 408, High 
410, Ambient 412) for an extended period, for example more than 8 seconds. This causes the 
control unit to energize the heater coils so that the temperature will rise until the delivered air 
temperature reaches the specified limit for the set temperature. When the upper limit is 
reached, the OverTemp monitoring circuit in the control unit can detect the over-temperature 
condition and cause the blower system to cease heating and air blowing, and initiate an 
OverTemp alarm condition by activating the OverTemp alarm indicator 418 and an audible 
alarm. 

[0063] Fig. 2 shows an interior view of the warm air blower system showing the 
control unit 202, a plenum member 204 having a curvilinear interior surface, a heater unit 
206, and a compression unit 208. In reference to Fig. 15, the control unit 202 includes the 
user I/O 426, the control unit circuit 1502, the hose connection sensor 110, and a hose-end 
temperature thermistor 108. 
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[0064] Fig. 3 shows a perspective view of warm air blower system 100 mounted on 
a support pole 302, such as a portable IV pole or bed-mounted support in a hospital 
environment. Alternatively, the warm air blower system 100 can be mounted on a bed or a 
floor rolling cart. In another alternative, the warm air blower system 100 can be floor 
mounted. 

[0065] Fig. 5 shows a schematic top plan view of the plenum with the plenum 
member 204 and the compression unit 208. 

[0066] Fig. 6 shows an illustrative top plan view of the plenum with plus signs '*+" 
or cross marks indicating the radii for the curves imposed on the interior surface of the 
plenum chamber that, in one embodiment, produces the line-symmetric or groove 
indentations on the interior surface. Some radii are shown (602, 604, 610) along with their 
corresponding line-symmetric indentations (604, 608, 612). The description and location of 
the particular indentations shown in this specification and the included drawings are not 
meant to be limiting, but rather illustrative. The location and depth of indentations may vary. 

[0067] Fig. 7 is a top plan cross sectional view showing the plenum chamber with 
the plenum member 204 having a curvilinear interior surface, heater unit 206 including a 
heater coil, and the compression unit 208 positioned relative to the plenum chamber for a 
compact design. 

[0068] According to the views of Figs. 8A-8D, the plenum member 204 may be 
removed from the plenum chamber. This facilitates the manufacture of the plenum wall 
interior surface, for example out of a single piece of semi-rigid material. This semi-rigid 
material may be roll-pressed, for example, with any desired pattern of indentations, and then 
cut to fit the length of the plenum wall interior surface. 

[0069] The single piece of semi-rigid material is then formed by any suitable 
process to fit the profile of the curvilinear interior surface of the plenum wall with the 
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indentations adjacent to the interior of the plenum chamber. Alternatively, the removable 
plenum member 204 may be placed adjacent to a smooth plenum wall member as a laminar 
sheet so that the smooth plenum wall supports the plenum member 204 with the indentations 
adjacent to the interior of the plenum chamber. The plenum chamber may be fabricated as a 
single piece including a smooth plenum member wall, the plenum chamber then receives an 
indented plenum member as described herein to form a layered plenum wall interior surface. 

[0070] Figs. 9-10 illustrate a side view of a portion of the plenum wall interior 
surface showing another embodiment of the present invention using point-symmetric 
indentations. The indentations can be irregularly spaced and can have an irregular depth 
relative to neighboring indentations allowing the suppression of noise with harmonic 
vibration components. 

[0071] Figs. 11-12 illustrate a side view of a portion of the plenum wall interior 
surface showing another embodiment of the present invention using line-symmetric 
indentations. For example, one line-symmetric indentation 612 is shown. The indentations 
are irregularly spaced and have an irregular depth relative to neighboring indentations 
allowing the suppression of noise with harmonic vibration components. 

[0072] The plurality of surface indentations enable the formation of controlled 
local turbulence adjacent the interior surface to reduce friction and noise as compressed air 
moves across the interior surface. 

[0073] Fig. 14 shows the mounting apparatus 1402 for releasably mounting the 
warm air blower system 100 to a mounting member 302 like a portable intravenous (IV) fluid 
holding pole, or IV pole. The mounting apparatus 1402 is attached to the rear of the warm air 
blower system 100 and allows the warm air blower system to be mounted off the floor, and 
within easy reach of an operator. The mounting apparatus 1402 has a screw head 1404 for 
turning a screw 1406 threaded through a portion of the mounting apparatus 1402 and carrying 

42717.1700\COUSINC\IRV\337581 14 



Docket No. 42717-1700 

a friction bumper 1408 against a mounting member 302, such as an IV pole, so that the 
mounting member is held securely in the mounting apparatus and the warm air blower system 
100 is supported by attachment to the mounting member 302. 

[0074] The screw 1406 is turned in one direction to tighten the friction bumper 
1408 against the mounting member 302 and turned in the other direction to loosen the friction 
bumper 1408 from the mounting member 302 and allow release from the mounting member 
302. The components of the mounting apparatus 1402 and the mounting member 302 may 
have a different shape than that disclosed in the drawings as long as the function of releasably 
attaching and supporting the warm air blower system to a mounting member is fulfilled. 

DESCRIPTION OF CONTROL UNIT 

[0075] Fig. 15 shows a block diagram of the control unit 202. The control unit 202 
includes a user input/output (I/O) block 426, a control unit circuit 1502, a hose connection 
sensor 110, a hose-end safety thermistor 1504, a hose-end temperature thermistor 108, and a 
fire safety thermostat 1506. The control unit 202 elements cooperate to drive the 
compression unit 208 and the heater unit 206. The compression unit 208 can be a fan and 
motor assembly comprising a blower motor. 

[0076] Fig. 16 shows some of the components of the control unit circuit 1502, 
including a power on reset (POR) unit 1602, a temperature display and beeper unit 1604, a 
system clock oscillator 1606, an over-temperature safety unit 1608, an over and under 
temperature monitoring circuit 1610, current controlling relays 1612, a switching power 
supply 1614, and a temperature modulation and control circuit 1616. The system clock 
oscillator 1606 provides timing synchronization throughout the control unit circuit 1502. 

[0077] Fig. 17 shows the control unit 202 modes of operation and can include a 
sequence of operations where one mode leads to another mode. The control unit modes 
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include a power initialization mode 1702, a standby mode 1704, a power-on mode 1706, an 
automatic self-test mode 1708, a temperature select mode 1710, a temperature control mode 
1712, and a manual thermal runaway test mode 1714. 

[0078] The power initialization mode 1702 occurs when line power is applied to 
the control unit 202. The line power then supplies a switching power supply through a line 
fuse and the rest of the circuit through a fire safety thermostat 1506. A mechanical relay 
supplies line power to both the compression unit motor and the heater through the thermostat. 
If the mechanical relay or thermostat is open, neither the compression unit nor the heater unit 
will be supplied with power. 

[0079] A current sensing transformer can be in the heater return line to the 
mechanical relay. A second relay opens the neutral to the heater if the hose becomes 
disconnected as indicated by hose connection sensor 110 that senses whether there is a hose 

connection to the air outlet. The compression unit 208 motor can be protected by a fuse. 

[0080] In reference to Figs. 16-17, the switching power supply 1614 provides 5Vdc 

to a printed circuit board (PCB) that can contain the control logic elements of the control unit 

circuit 1502. When the 5Vdc power is established, a power on reset (POR) is asserted that 

resets the control unit to standby (STDBY) mode 1704. 

[0081] In reference to Fig. 4, pressing the ON switch 402 terminates all standby 

conditions and causes the control unit 202 to enter the power-on mode 1706 shown in Fig. 17. 

In the power-on mode 1706, the control unit 202 initiates an automatic self-test 1708 and then 

enables the ambient (AMB) temperature selection mode 1902 shown in Fig. 19. This enables 

the mains power relay that activates the compression unit 208 motor. 

[0082] In reference to Fig. 4, pressing the Power-OFF/STDBY button 404 resets 

the control unit 202 to standby mode 1704. This opens the current flow to the mains power 

relay, control relay, and to the alarm indicators. It also cancels a self-test in progress. 
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[0083] In reference to Fig. 4, after the power-on 1706 mode is completed, the 
automatic self-test 1708 can be initiated. In reference to Fig. 18, the automatic self-test 1708 
includes a temperature thermistor disconnect test 1802, a safety thermistor disconnect test 
1804, a heater current test 1806, a safety circuit test 1808, and an alarm/lamp test 1810. 

[0084] In reference to Fig. 18, the automatic self-test 1708 starts with the 
temperature thermistor disconnect test 1802. This test can cause the thermistor output to be 
grounded which has the same effect as the temperature measurement thermistor being a high 
impedance or open circuit to test the sensing comparator. This condition can turn on the 
disconnect indicator LED 416 for visual indication of the problem condition. 

[0085] The Hose Disconnect sensor 1 10 has the same effect on this self-test mode 
thereby testing whether the flexible conduit 102 is improperly inserted into the warm air 
blower system 100. If the flexible conduit 102 is not sufficiently inserted into the air outlet to 
hold the hose connection sensor 110 switch in an actuated (closed) position, this mode of the 
self-test will stop here indicating the problem condition. Similarly, this condition can turn on 
the disconnect indicator LED 416 for visual indication of the problem condition. 

[0086] In reference to Fig. 18, after completing the temperature thermistor 
disconnect test 1802, the automatic test 1708 can proceed to the safety thermistor disconnect 
test 1804. This can have the same effect as the safety thermistor being a high impedance or 
open circuit to test the sensing comparator. This turns on the disconnect indicator LED 416 
for visual indication of the problem condition. 

[0087] After completing the safety thermistor disconnect test 1804, the automatic 
testing proceeds to the heater current test 1806. The self-test can then simulate a request for 
heat while the current path to the heater element is open. This, along with the fact that there 
is (or should be) no heater current, creates a disconnect condition. This condition turns on the 
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disconnect indicator LED 416 for visual verification of operation. If there is an indication of 
heater current in this test, it should fail and stop at this point. 

[0088] After completing the heater current test 1806, the automatic testing 
proceeds to the safety circuit test 1808. The safety circuit test 1808 creates an alarm 
condition at the sensing input to verify the proper operation of disabling the mains relay, 
disabling the heater, causing an alarm beeper to emit a short audible sound for audible 
verification of operation and illuminating the visual OverTemp indicator for visual 
verification of operation. 

[0089] During the self-test 1708, the AMB, LO, MED, HI and UT LEDs illuminate 
for visual verification of operation. The lamp test 1810 operates concurrently with the self- 
test. 

[0090] In reference to Fig. 16, the control unit circuit 1502 includes a system clock 
oscillator 1606 that is a free-running 2KHz oscillator generated by a standard complementary 
metal oxide semiconductor (CMOS) resistive-capacitive (RC) oscillator including 
components. The actual value of the clock frequency depends upon the specific values of the 
components selected, and is not critical. Within normal component tolerances, the referenced 
frequency is between 1.6-2.2 KHz. The referenced frequencies and time durations within this 
specification are calculated based on an exact 2KHz clock frequency and can vary 
accordingly. 

[0091] In reference to Fig. 17, following the automatic self-test, the temperature 
selection mode (AMB, LOW, MED, HIGH) is entered. In reference to Fig. 19, if the 
operator pressed a temperature select button following power on, the selected setting (1904, 
1906, 1908) can be entered following the self-test. However, if the operator has not entered a 
temperature selection, then the ambient temperature mode 1902 is entered by default. 
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[0092] In reference to Fig. 17, once a temperature has been selected in the 
temperature select 1710 mode, the selected temperature is maintained in the temperature 
control mode 1712. The temperature can be maintained by modulating the current to the 
heater unit 206 as shown in Fig. 20. The set temperature is selected in the temperature select 
mode 1710 to be Ambient 1902, Low 1904, Medium 1906, or High 1908, as shown in Fig. 
19. 

[0093] The set temperature is the target temperature the control unit 202 is seeking 
to maintain. As shown in Fig. 20, if the difference between the hose-end temperature and the 
set temperature is at or below the lower limit 2006, the current to the heater unit 206 will be 
always on. Conversely, if the temperature differential is at or above the upper limit 2004, the 
current to the heater unit 206 will be always off. 

[0094] The actual temperature differential 2002 is compared against the free 
running oscillator generated triangle wave modulating the current to the heater unit 206 in 
order to remain in the range 2010. If a lower temperature is then selected from the user 
interface, the current to the heater unit 206 is always off until the differential temperature is 
within the modulated heat area again. 

[0095] In reference to Fig. 16, should the temperature modulation and control 
circuit 1616 fail to control the heater current in such a way that the heater is constantly on or 
the hose-end temperature rises sufficiently above the set point as indicated by the hose-end 
safety thermistor 1504, the over temperature safety circuit 1610 can sense the runaway 
condition and stop the current flow to the heater unit 206 and the compression unit 208. 

[0096] The user display 420 can hold the temperature detected that has caused the 
problem condition and can indicate an over temperature alarm by illuminating the over 
temperature indicator 418 and emitting a sound from the beeper element (not shown) driven 
by the temperature display and beeper unit 1604. Internally, the control unit circuit 1502 can 
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redundantly disable the current path to the heater unit for added safety. When an over 
temperature problem condition is detected, the OverTemp indicator 418 will illuminate and 
an audible alarm will sound. 

[0097] If selecting a new set temperature that is lower than the previous set 
temperature, such as from High 1908 to Low 1904, an immediate alarm condition may 
ordinarily be falsely be created because the hose-end safety thermistor is above the new Low 
1904 over-temperature setting value. To avoid this false alarm the alarm condition is altered 
for a period of time by a redundant delay counter pair after the down-step in temperature. 

[0098] Similarly, if the operator is starting at High 1908 and then down selecting to 
Medium 1906 and then down selecting to Low 1904 or Ambient 1902, the alarm condition 
delay counter can restart the counters at the beginning of each selection. Over temperature 
alarm preset temperatures are the selected temperature plus 3°C or 47°C for Ambient. An 
alarm condition can be reset by pressing the power off (STDBY) button 404. This creates a 
master reset of all the control circuit elements in the control unit circuit 1502. 

[0099] In reference to Fig. 4, the under temperature (UnderTemp) indicator 414 
functions to alert the operator that the hose-end temperature is approximately three or more 
degrees below the set temperature. In reference to Fig. 16, the over and under temperature 
monitoring circuit 1610 functions by testing the hose-end safety thermistor 1504 and 
comparing against a pre-set value for each temperature. When an under temperature problem 
condition is detected, the UnderTemp indicator 414 will flash slowly at approximately 0.5 
Hz. 

[0100] In reference to Fig. 4, the disconnect indicator 416 functions to show the 
disconnection or open circuit of the hose connection sensor 1 10, the integrity of either or both 
thermistor(s) or wires or the hose air inlet disconnection from the warm air blower system 
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100. Another function of the disconnect indicator 416 is to show when there is a problem in 
the heater circuit which was explained supra. 

[0101] In reference to Fig. 17, initiation of the manual thermal runaway test can be 
accomplished by simply pressing and holding any of the temperature select buttons for 
approximately 8 seconds until the selection indicator on that button starts to flash at 
approximately 2 Hz. During this test, the heater unit 206 is turned fully on as discussed in 
reference to Fig. 20 regarding the modulation of the heater current. When the temperature 
rises above the OverTemp threshold for that temperature selection, the OverTemp Safety 
Circuit 1608 takes over. Pressing the STDBY button 404 resets control unit circuit 1502. 

DESCRIPTION OF TESTS AND RESULTS 

[0102] Fig. 13 illustrates the result of tests that were conducted to demonstrate the 
noise reducing benefits of the present invention by comparing the noise output of a Model 
EQ5000 Convective Warmer with a Model SW4000 Convective Warmer from Level 1, Inc. 
160 Weymouth Street Rockland, MA 02370. The Model EQ5000 incorporates the noise 
reducing features of the present invention while the Model SW4000 does not include the 
noise reducing features. The noise was measured at the front of each unit. 

[0103] The test procedure for each Convective Warmer unit was: 

Connect the Convective Warmer unit to a Model SW2004 Convective 
Warmer Blanket using a 5-foot long hose. The Model SW2004 Blanket used in these tests is 
also available from Level 1, Inc. 

Start the Convective Warmer unit and set to High Temperature 44°C. 
Allow the Convective Warmer to reach the proper temperature. 

Measure the noise level (decibel/dB) at the front of each unit and record. 
For the Model EQ5000 adjust the air velocity from 1600 feet/minute to 2100 feet/minute in 
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50 feet/minute increments and repeat. The Model SW4000 was only tested at a constant air 
velocity of 2040 feet/minute. The air velocity can naturally fluctuate at +/- 200 feet/minute. 

[0104] Fig. 13 shows the recorded noise levels at the front of the warm air blower 
system of the present invention compared with a similar warm air blower system without the 
sound reducing features of the present invention. The Model EQ5000 noise level measured 
from 66.1 dB to 70.0 dB over the range of air velocity tested while the Model SW4000 noise 
level was measured at 71 .8 dB for the air velocity of 2040 feet/minute. 

[0105] The results show less audible noise levels at the front of the Convective 
Warmer unit that includes the noise reducing features of the present invention when 
compared with a Convective Warmer that does not include the noise reducing features of the 
present invention. 

[0106] Those skilled in the art will appreciate that various adaptations and 
modifications of the just-described preferred embodiment can be configured without 
departing from the scope and spirit of the invention. Therefore, it is to be understood that, 
within the scope of the amended claims, the invention may be practiced other than as 
specifically described herein. 
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